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ABSTRACT: This paper presents the numerical modeling of beam-column sub-assemblages 
using computer software Drain-2dx. Two beam-column sub-assemblages tests are presented in this 
paper, called Specimen 1 and Specimen 2. The result of the computer simulation is compared with 
the result of the experimental test.. The computer model developed was then used to model a 
three-dimensional steel-concrete composite structure. Comparison between the results of the pre-
test analysis and the experimental results show that in general, the computer model developed for 
steel-concrete composite frame using the computer SoftwareDrain-2dx is quite accurate. The small 
difference between the results is mainly due to the fact that the hinge connections are in fact work 
as semi-rigid connections due to the presence of concrete slab which could transfer forces from 
beams to columns. The semi-rigid connections are usually neglected in the computer model.   
KEYWORDS:  Drain2-dx, fiber, element, pretest, experimental  
12. INTRODUCTION 
In the numerical modeling of composite frame to resist cyclic loading due to earthquake, there is a 
potential problem due to the presence of concrete slab. Under a positive bending moment (reinforced 
slab under compression), the composite action will be activated; while under negative bending 
moment, it is assumed that this composite action will fail to develop  
This paper presents the numerical modeling of beam-column sub-assemblages using computer 
software Drain-2dx. The result of the computer simulation is compared with the result of the 
experimental test. The computer model developed was then used to model a three-dimensional steel-
concrete composite structure.  
13. NUMERICAL MODELING 
13.7. Stifness Model 
For concrete beam, an average value of El applicable to the entire length of a prismatic member can be 
used (Paulay and Priestley, Ref 34). For rectangular beams, the average stiffness can be assumed equal 
to 0.40 Ie, and 0.35 IB for T and L beams respectively, where IB is the moment of inertia of gross 
concrete section about the centroidal axis, neglecting the reinforcement.  
For a steel/concrete composite frame, a number of numerical simulations have been performed. 
Firstly, the composite frame stiffness model as in Figure 3.3 was adopted. Then, an average value of 
the composite (Ic) and steel stiffness (Is) applicable to the entire length of beam was taken. Finally, 
different percentages of the positive and negative stiffness to represent the average stiffness of the 
composite beam were assumed. In one case, for example, the average stiffness I_ = 0.70 ic + 0.30 I,, 
while for other case taken I_ = 0.60 L + 0.40 I,. Load-displacement relationships and periods of all 
models were almost identical. Moments at the beam ends were however varied, due to the fact, that 
beam moments would directly proportional to stiffness. 
It is therefore important to model a composite beam such, that the effect of slab under different 
direction of loading can be taken into account properly. This can be done by specifying inelastic 
springs at each end of beam, while the middle part can be modeled as one beam having a stiffness 
value applicable to the entire length. Beam-column element and fiber element of the Drain-2dx 
(Ref.39) have been used in this study to model the middle beam and the inelastic spring respectively. 
13.8. Element Model 
. a. Beam – Column Element 
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This is a simple inelastic element for modeling beams and beam-columns of steel and reinforced 
concrete. Each element consists essentially of an elastic beam and two plastic-hinges at the end of this 
beam, where yielding takes place only in the plastic hinge. The hinge yield moments can be specified 
to be different at the two element ends, and for the positive and negative bending. Plastic hinges are 
assumed to yield only in bending, with no inelastic axial deformation. Strain hardening in bending is 
modeled by assuming that the element consists of elastic and inelastic components in parallel. Plastic 
hinges that yield at constant moment form in the inelastic component, while in the elastic component 
continues to increase, simulating strain hardening (Figure 5.1). 
 
Figure 9 Parallel Components of Beam – Column Element 
b. Fiber Element 
Each cross section is either elastic or is divided into a number of fibers, which can have nonlinear 
longitudinal stress-strain relationships of concrete and steel. The element model within the length of 
deformable region is of distributed-plasticity type, accounting for the spread of inelastic behavior both 
over the cross sections and along the member length. 
Concrete material properties can be modeled as in Figure 5.3. Up to five stress-strain points for 
compression (C) can be specified, and for tension (T) 2 points (although the tension stress of concrete 
can actually be neglected). Negative modulus of concrete can also be modelled to take into account the 
loss of concrete strength after reaching the peak value. 
Under cyclic loading, concrete could also loss its stiffness during unloading. To take into account this 
stiffness degradation, unloading factor (UF) on unloading can be specified. In the Figure 5.3, UF = 0 
means no stiffness degradation. With this option, the effect of slab under different cycles of loading 
can be studied. 
 
Figure 210 Element Model of Fiber Element   
 
Figure 3 Concrete and Steel Material Properties 
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13.9. Joint Model 
Figures 4 and 5 show the Drain-2dx Model for the beam-column joints. Each beam has 2 different 
sections, namely elastic and inelastic section. Elastic section of beam was modeled as beam-column 
element, having a stiffness value applicable to the entire length. An average value of the steel stiffness 
and composite stiffness was used in the analysis. Inelastic section was modeled as fiber element. 
For Specimen I (Figure 4), only one type of fiber element for the inelastic section of the composite 
beam was specified. Each fiber element consists of 3 different materials, namely concrete to model 
slab, structural steel section, and reinforcing steel. For Specimen 2 (Figures 5), in addition to the 
elements as specified for Specimen 1, additional fiber elements were also specified to model sections 
of the beam, where the styrofoam present. Hence, for these additional elements, concrete fiber 
elements were deleted 
 
 
Figure 4 Model for Specimen 1  
 
              
 
Figure 5 Model for Specimen 2 
 
14. CORRELATIVE STUDIES 
a. Beam-Column Sub-Assemblages 
In the analysis, displacement controlled option of the Drain-2dx Program was used. The maximum 
displacements were specified equal to the displacements reached for each test, and displacement 
increment per step was chosen 2 mm. In contrary to the experimental program, only one cycle for each 
loop was specified in this numerical analysis.  
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Figures 6 and 7 shows the comparisons between the load-displacement diagrams for the experimental 
and the analytical studies. It can be seen, that in general, the results of the numerical studies compare 
well with the experimental results. However, the strength degradation of the steel section could not be 
captured properly, because in the Drain-2dx Program, negative modulus of steel could not be 
specified. Figure 7 shows that the resistance was gradually decreased after reaching the maximum 
value at 120 mm displacement, but the analytical model does not show this strength degradation 
 
                             experimental                                                            analytical 
 
Figure 6 Load-Displacement of Specimen 1 
 
 
                             experimental                                                            analytical 
 
Figure 7 Load-Displacement of Specimen 2  
 
b. Test Frame 
Pretest analysis were carried out to evaluate load-displacement characteristics of the test structure and 
to estimate the maximum expected loads necessary to reach the intended maximum test displacements. 
In addition, the results of these analyses were also used in assessing the vertical displacements of the 
beams as well as the moments in the columns. The first information was used for defining both the 
position of the vertical displacement potentiometers along the length of the beams and the range of the 
potentiometers to be used for recording the floor displacements. The second information was used to 
select the location of the strain gage sections in the columns. Knowing the calculated magnitudes of 
the moments along the length of the columns, the optimum position and the associated output signal of 
the moment transducers could be reviewed in advance. 
The frame model (Figure 8) was developed with the columns being modeled as beam-column 
elements. The composite beams, with a concrete slab on metal decking of 15 cm, were divided into 
two separate sections, namely, elastic beam section and fiber section. An average value of the steel 
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stiffness and the composite stiffness applicable to the entire length of beam was assumed for the 
elastic section. The fiber section represented the section of the beam which was expected to yield 
during testing. In the analysis of the two frames the force-controlled option of DRAIN-2dx was used 
under the above noted load distribution 
 
 
 
Figure 8 Composite Frame Model   
 
 
                            Pre-test analysis                                       experimental result 
Figure 9 Load-Displacement Diagram of Composite Frame   
 
The results indicate that a top-displacement of 0.18 m or 2% will be reached under a top-floor load of 
570 kN (and simultaneous 2nd and Ist floor loads of 380 kN and 190 kN, respectively). These results 
can be used for estimating the test loads necessary to develop the maximum displacements of 2% drift 
for the test frame during test phases I and 2. For loading in the X-direction, normal to the reaction wall 
or also called East-West test direction, the pretest analysis seems to indicate that it is reasonable to 
expect that the top-floor loads (actuators numbers I and 2) would be bigger than 570 kN. In fact, 
considering the results of the beam-column sub-assemblages tests, which showed that the semi-rigid 
joints may have a resistance of about 1/8 of the moment resistant rigid joints, maximum actuator loads 
of about 640 kN can be expected.  
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Comparison between the results of the pre-test analysis and the experimental results show that in 
general, the computer model developed for steel-concrete composite frame using the computer 
SoftwareDrain-2dx is quite accurate. The small difference between the results is mainly due to the fact 
that the hinge connections are in fact work as semi-rigid connections due to the presence of concrete 
slab which could transfer forces from beams to columns. The semi-rigid connections are usually 
neglected in the computer model.   
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